Award  Number:  W81XWH-10-1-0439 


TITLE:  Turning  Chemopreventive  Agents  Against  Breast  Cancer:  Sensitizing  Cancers 
to  Therapeutics  While  Protecting  Normal  Tissues  from  Toxicity 


PRINCIPAL  INVESTIGATOR:  Charles  S.  Morrow,  M.D.,  Ph.D. 


CONTRACTING  ORGANIZATION:  Wake  Forest  University 

Winston-Salem,  NC  27157 


REPORT  DATE:  July  2012 


TYPE  OF  REPORT:  Final 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  Public  Release; 

Distribution  Unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are  those  of  the  author(s)  and 
should  not  be  construed  as  an  official  Department  of  the  Army  position,  policy  or  decision 
unless  so  designated  by  other  documentation. 


REPORT  DOCUMENTATION  PAGE 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the 
data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for  reducing 
this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202- 
4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently 
valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 

1 .  REPORT  DATE  2.  REPORT  TYPE 

July  2012  Final 

3.  DATES  COVERED 

1  Julv2010-  30  June  2012 

4.  TITLE  AND  SUBTITLE 

Turning  Chemopreventive  Agents  Against  Breast  Cancer:  Sensitizing  Cancers  to 
Therapeutics  While  Protecting  Normal  Tissues  from  Toxicity 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

W81XWH-1 0-1 -0439 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

Charles  S.  Morrow,  M.D.,  Ph.D. 

nihawards@wakehealth.edu 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Wake  Forest  University 

Winston-Salem,  NC  27157 

8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 

9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Medical  Research  and  Materiel  Command 

Fort  Detrick,  Maryland  21702-5012 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  Public  Release;  Distribution  Unlimited 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT 

The  chemopreventive  agent,  sulforaphane  (SFN)  induces,  Nfr-2-stabilization  and  Nrf2-dependent  transcription  in  breast  cancer 
cells.  These  effects  of  SFN  are  dependent  upon  PKC  and  PI3K/AKT  pathways  as  well  as  the  likely  involvement  of  direct 
interactions  between  SFN  and  Keapl.  SFN  sensitizes  breast  cancer  cells  to  the  cytotoxicities  of  doxorubicin  and  peclitaxel. 
Co-treatment  with  the  PKC  inhibitor,  Ro-31-8221,  but  not  the  PI3K  inhibitor,  LY294002,  augments  this  sensitization  by  SFN. 
However,  the  utility  of  combined  chemopreventive  agent  (SFN).  And  cancer  drug  (doxorubicin  and  paclitaxel  treatment  in 
breast  cancer  is  potentially  limited  because  SFN  also  sensitizes  some  non-cancerous  cells  to  cancer  drug  toxicity. 

15.  subject  terms-  chemoprevention,  Chemosnsitization,  breast  cancer  therapeutics 

16.  SECURITY  CLASSIFICATION  OF: 


b.  ABSTRACT 


17.  LIMITATION 
OF  ABSTRACT 


18.  NUMBER  19a.  NAME  OF  RESPONSIBLE  PERSON 

OF  PAGES  USAMRMC 

19b.  TELEPHONE  NUMBER  (include  area 


U 


code) 


a.  REPORT 

u 


c.  THIS  PAGE 

u 


uu 


10 


TABLE  OF  CONTENTS 


Pages 

Front  Cover  1 

Standard  Form  298  2-3 

Table  of  Contents  4 

Introduction  5 

Body  6-8 

Key  Research  Accomplishments  9 

Reportable  Outcomes  10 

Conclusion  1 1 


References,  Appendices,  and  Supporting  Data 


none 


INTRODUCTION 


Dietary  or  nutriceutical  chemopreventive  agents,  such  as  sulforaphane  (SFN),  activate  the  coordinated 
induction  of  a  large  set  of  gene  products  that  protect  the  cell  from  a  variety  of  external  toxins  including 
carcinogens  and  chemotherapeutic  drugs.  While  chemopreventive  agents  have  the  potential  to  protect  normal 
tissues  from  carcinogens,  they  can  also  activate  similar  protective  pathways  in  established  cancers  rendering 
these  tumors  resistant  to  therapeutic  drugs.  Many  of  these  chemopreventive  agents  act  via  a  variety  of 
converging  signaling  mechanisms  to  activate  coordinated  Nrf2-dependent  transcription  of  a  large  cassette  of 
genes  which,  in  turn,  serve  to  protect  the  cell  from  a  variety  of  chemical  toxins  and  insults  Here,  it  is 
hypothesized  that,  because  many  signaling  pathways  are  dysregulated  and  otherwise  aberrant  in  breast 
cancer,  not  all  of  the  converging  pathways  leading  to  Nrf2-dependent  transcription  activation  in  normal  ceils  will 
be  operative  in  breast  cancer  cells.  Thus  it  is  proposed  that  judicious  use  of  signaling  pathway  inhibitors  can — 
by  inhibiting  the  limited  pathways  available  to  these  cancer  cells  for  Nrf2  activation — preferentially  disrupt  the 
chemopreventive  response  in  breast  cancers  while  leaving  intact  the  beneficial,  redundant  Nrf2-activating 
pathways  in  normal  tissues.  Using  representative  human  breast  cancer  cell  lines  and  non-cancerous  cells 
derived  from  human  breast  epithelium,  we  examined  the  relative  sensitivity  of  the  cells  to  the  chemotherapeutic 
agents,  doxorubicin  and  paclitaxel,  following  pre-treatment  or  continuous  co-treatment  with  SFN. 


SFN  +  other - >  Toxicity: 
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redox  stress 


Alternative  outcomes  of  SFN  exposure:  Toxicity  vs  Cytoprotection 


BODY 


Pilot  experiments  showed  that  the  chemopreventive  electrophile,  SFN,  as  well  as  the  endogenous 
electrophiles,  nitroalkene  fatty  acids  (9/10-nitrooleic  acid  [9/IO-NO2-OA]  and  total  &  12-nitrolinoleic  acids  [12- 
NO2-LA])  activated  Nrf2/ARE-dependent  transcription  in  MCF7  breast  cancer  cells.  Transcription  induction  was 
associated  with  stabilization  and  accumulation  of  nuclear  Nrf2. 


Nuclear  Nrf2 
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This  robust  induction  of  Nrf2/ARE  dependent  transcription  was  dependent  upon  PI3K/AKT  and  PKC 
pathways  as  evidenced  by  attenuation  of  induction  by  the  PI3K  inhibitors,  0.5  i^M  wortmannin  (black  bars)  or 
25  LY294002  (cross-hatched  bars)  [n.b:  no  inhibitor  (open  bars)], 


total  N02-LA  9/10-NO2-OA  SFN 


Inducer 


and  by  attenuation  of  induction  by  the  PKC  inhibitors,  staurosporine  (15  nM,  black  bars;  50  nM  cross-hatched 
bars),  Ro-31-8220  (shaded  bars).  No  inhibitor  controls  are  shown  as  open  bars: 


inducer 


Using  representative  human  breast  cancer  cell  lines  and  non-cancerous  cells  derived  from  human 
breast  epithelium,  we  examined  the  relative  sensitivity  of  the  cells  to  the  chemotherapeutic  agents,  doxorubicin 
and  paclitaxel.  following  pre-treatment  or  continuous  co-treatment  with  SFN.  Breast  cancer  cells  (MCF7, 
SKBR3  and  MDA-MB-231)  are  sensitized  to  the  cytotoxicities  of  chemotherapeutic  drugs  by  prior  and  co¬ 
treatment  with  SFN. 

SFN  sensitizes  breast  cancer  cells  to  doxorubicin  and  paclitaxel  cytotoxicity 
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Moreover,  co-treatment  of  MCF7  cells  with  SFN  and  inhibitors  of  PKC  (Ro-31-8220)  but  not  PI3K  (LY294002)- 
-pathways  implicated  in  SFN-mediated  induction  of  the  Nrf2-dependent  chemopreventive  response — further 
sensitized  these  cells  to  the  cytotoxicities  of  chemotherapeutic  drugs  beyond  that  achieved  with  either  SFN  or 
inhibitor  alone. 


PKC  inhibition  (Ro-31-8221)  dom  augment 
SFN  sensitization  of  MCF7  cells 


PI3K  Inhibition  (LY294002)  does  not  augment 
SFN  sensitization  of  MCF7  cells 


Flowever,  pre-treatment  of  a  non-cancer  cell  line  derived  from  human  breast  epithelium,  MCF10A,  with 
SFN  also  resulted  in  sensitization  to  doxorubicin  and  paclitaxel,  suggesting  that  SFN  may  augment  toxicity  of 
chemotherapeutic  drugs. 


MCF10A 


MCF10A 


This  lack  of  specificity  of  chemosensitization  towards  cancer  cells  raises  concerns  about  the  potential  utility  of 
combining  chemopreventive  agents  like  SFN  with  chemotherapeutic  drugs  in  the  treatment  of  breast  cancer. 


■ 

KEY  RESEARCH  ACCOMPLISHMENTS 

*  We  demonstrated  that  the  chemopreventive,  sulforaphane  (SFN),  mediates  robust  stabilization  of  Nfr2  and 
its  nuclear  accumulation  in  breast  cancer  cells. 

*  We  demonstrated  that  Nrf2  accumulation  is  associated  with  robust,  AKT/PI3K-  and  PKC-dependent 
transcription  activation  of  ARE-containing  reporter  and  endogenous  cytoprotective  genes. 

*  Pre-treatment  or  co-treatment  of  breast  cancer  cells  with  SFN  sensitizes  these  cells  to  the  cytotoxicities  of 
chemotherapeutic  drugs,  doxorubicin  and  paclitaxel. 

*  Addition  of  the  PKC  inhibitor,  RO-31-8221,  but  not  the  PI3K  inhibitor,  LY294002,  augment  this  sensitization 
by  SFN  in  MCF7  breast  cancer  cells. 

*  However,  SFN  also  sensitizes  a  non-cancer  breast-derived  cell  line,  MCF10A,  to  doxorubicin  and  paclitaxel 
toxicity  raising  concerns  that  the  lack  of  cancer-targeting  specificity  of  SFN  chemosensitization  may  limit  the 
utility  of  this  approach  in  the  treatment  of  breast  cancer. 
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